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RESUME 



Cette ^tude a ^t^ efFectufe pour determiner le potentiel d'assimilation des eaux us^ 
par la riviere Nation-Sud. Une multitude de source ponctuelles d'eaux us^es, tant 
municipales qu'industrielles, d^versent d6jk leurs effluents dans la rivifere Nation-Sud. 
Les sources industrielles comptent pr&entement Ault Foods Ll6e et Nesll6 Ltte, 
tandis que la compagnie Fromages St-AIbert Ltfc viendra s'ajouter k cette liste. La 
plupart des municipalit^s qui d&hargent pr6sentement cherchent ^ accroitre leur 
capacity, et d'autres municipality planifient dSverser elles aussi leurs eaux dans un 
avenir plus ou moins lointain. Toutes les municipalites traitent prdsentement leurs 
eaux au moyen de bassins de stabilisation conventionnels, commun^ment appelds 
lagunes. Les municipalit^s qui comptent installer dans le ftitur des syst^mes de 
collection et de traitement des eaux us^es songent utiliser ce systfeme elles aussi. La 
p^riode de planification de cette ^tude est de 20 ans. Les industries ont fourni elles- 
mfimes leur projection d'accroissement. Les projections de populations utilis^es 
proviennent de rapports pr6c&lents ainsi que de documents fournis par les diverses 
municipalit^s. 

Le potentiel d'assimilation des eaux us6es par une rivifere est en quelque sorte la 
possibility d'auto-purification inh^rente I cette rivifere. Ce potentiel peut Sire ddfini 
comme ^tant la capacity de transformer ou incorporer certaines substances (polluants 
etc.) par I'^cosystfeme de sorte que la quality de I'eau demeure i un niveau acceptable 
pr6ddtermin^. On consid^re que la capacity d'assimilation est une ressource naturelle. 
L'exercice d'allouer ou diviser la capacity d'assimilation parmi plusieurs d^chargeurs 
s'appelle I'allocation des d^charges d'eaux us^es. 

Cette etude a examine les performances pass^es des lagunes existantes. Certaines 
municipalitds utilisent i'alun pour reiimination du phosphore. La quality du 
traitement des lagunes existantes est semblable ^ ce que Ton trouve en Ontario, Des 
donnfes provenant de lagunes typiques ontariennes ont 6t6 utilisees pour arriver k un 
estime conservateur de la quality des effluents des lagunes, Les industries traitent 
leurs eaux au moyen de systfemes congus pour leurs besoins specifiques. Par le pass^, 
ces systfemes ont eu des difTicultes h se conformer aux normes impos^es. 

Toutes les donn^es disponibles touchant la quality de I'eau et aux debits de la rivifere 
Nation-Sud ont ete analysees. Suite a ces analyses, il a ete determine que I'eau de la 
rivifere Nation-Sud est basique, ayant un pH d'environ 7.5. La qualite de la rivifere 
s'est ameiioree depuis 12 ans. Cette amelioration est probableraent due k la reduction 
de decharges d'eaux non-traitees dans la riviere, car plusieurs conmiunautes se sont 
munies de systfemes d'epuration au cours de cette periode. I^ contre, les 
concentrations de phosphore sont constamment demeurees au-deli des normes 
gouvernementales. Les concentrations d'ammoniaque sont egalement restees eievees. 
Sur une base annuelle, 9i% de I'ammoniaque et 93% du phosphore retrouve dans la 
rivifere provient de sources non-ponctuelles. Durant les periodes de deversement des 
eaux usees, par contre, plus de 50% de Tapport d'ammoniaque (\a substance la plus 
probiematique) provient de sources ponctuelles. De plus, lorsque le debit de la rivifere 
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est trfes ftible, la proportion d'ammoniaque provenant de sources non ponctueiles 
augmente sensiblement par rapport ^ Tapport total. 

Les concentrations intrinsfeques de certains polluants ont €t6 estim^es par des m^thodes 
statistiques acceptfes. La concentration intrins&que de la demande biochimique 
d'oxygfene (D.B.O.) est de 2.3 mg/L, tandis que celle de Tammoniaque est de 0.18 
mg/L. 

Etant donn^ la concentration intrinsfeque trfes ^Jev^e de phosphore, la riviere Nation- 
Sud n'a aucune capacity d'assimilation pour ce polluant. Tbute nouvelle source 
ponctuelle d'eaux us^es, qu'elle soil municipale ou industrielle, devra produire un 
effluent de trfes feible concentration en phosphore, De plus, les sources ponctuelles 
existantes devront am^liorer leurs proc^dis de fegon ^ augmenter autant que possible 
I'dlimination du phosphore. II est <l noter que quelques lagunes ont commence 
r^cemment k r&luire leurs Amissions de phosphore en ajoutant de I'alun ^ leurs 
proc6dds. 

Le Ministfere de renvinonnement exige que les Amissions totales de phosphore ne 
d^passent pas, poufun ddchargeur donn^, les limiles impos^es dans le Certificat 
d'autorisation du d^chargeur en question. De plus, la concentration de phosphore de 
tout effluent ne doit pas d^passer 1 mg/L. Pr&emement, les communautds de 
Plantagenet, Winchester et la compagnie Ault Foods Lt^e sont k !a limite des 
restrictions impos^es par leurs Certificats d'autorisation respectife. On ne pr^voit 
aucune augmentation d'dmissions de phosphore. Une r&iuction des Amissions 
actuelles est d&irable. 

Le potentiel d'assimilation des cours d'eau du bassin versant de ta rivifere Nation-Sud 
a €l€ analyst sur une base des debits volum^triques 7Q20 et 30Q20. Une analyse 
statistique des debits de ces cours d'eau a €\& entreprise, et les debits de toutes les 
station de jaugeage ont €ii ddterminds pour les saisons de rautomne et du printemps. 
En utiiisant une fenfitre mobile de dur^e constante (soit 7 ou 30 jours), les 
hydrographes reprdsentant les debits 7Q20 et 30Q20 ont Hi d^velopp^s pour chaque 
station. 

A partir de ces hydrographes, la pdriode de dilution maximale de chaque station a €i€ 
ddtermin^e. Les d^uts et les fins de ces p^riodes ne coTncidaient dvidemment pas, 
^tant donn^ la nature difKrente des cours d'eau a chaque station. Trois pdriodes ou 
fenStres ont done iKi d^finies. Les dates des d^uts et fins de p^riodes furent utilises 
pour dSfinir ces fenStres. La date de dfljut la plus tardive et la date de fin la moins 
tardive boment la fenltre minimale (de dur^e minimale). La premiere des dates de 
dftut et la date de fin la plus tardive boment la fenfetre maximale (de durfe 
maximale). La moyenne des dates de d6but et la moyenne des dates de fin boment la 
fenfetre moyenne (de durfe moyenne). Une meilleure utilisation de I'hydrographe est 
possible en utiiisant le concept des fenfitres multiples. Ceci rdsulte en une plus grande 
utilisation du potentiel d'assimilation de la rivifere. 

Pour chacune des stations, les debits volumdtriques 7Q20 et 30Q20 de chacune des 
fenfitres mentionn^es ci-haut ont €l€ examines. Les debits minimaux ont €l& retenus. 
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L'aire de chacun des bassins versants a €i€ ^valu^e. Une correlation a ensuite €x€ 
d^riv^e entre les aires et les debits. Ces corrdations furent utilis^es pour estimer les 
debits i tous les points d'int^rSt. Les debits 7Q20 de I'automne ne ftirent pas 
calculfe de cette feijon, les donn^es pour cette p^rjode ^tant trop ^parpillfes. Les 
debits 7Q20 pour I'automne furent calculfe en multipliant le d^bit 7Q20 de Tautomne 
^ la station Plantagenet (estim^ de fagon statistique) par le ratio de l'aire du bassin 
versant au point d'int^rSt k l'aire du bassin versant de la station Plantagenet. 

En plus des bassins de stabilisation conventionnels, le systfeme d'a^ration prolong^e 
avec nitrification et le proc^^ New Hamburg furent consid^rfe comme alternatives. 
Les effluents de ces trois types de traitement fiirent ^valu^s afin de voir s'ils 
satisfaisaient les nouvelles normes de toxicity et de l^talit^ contemplfies par le 
Minist^re de renvironnement. C^ normes s'appliquent sur I'effluent lui-mgme, 
avant mfime qu'il ne sorte de la conduite d'effluent. Afin de se confbrmer aux 
normes portant sur I'hydrog&ne sulfur^, toute lagune (existante ou projet^e) devra se 
munir d'une cellule (petite iagune) d'a^ration. II est aussi possible que les lagunes ne 
puissent produire un effluent conforme au normes portant sur Tammoniaque, surtout 
lors de ddversements printaniers. Malheureusement, le printemps est la p^riode de 
d^versement la plus importante, grflce & la fonts des neiges qui augmente les debits et 
du mfime coup la capacity d'assimilation. Les proc&l^s d'a^ration prolong^ et New 
Hamburg, quoique plus coflteux, produisent un effluent de meilleure quality qui ne 
devrait avoir aucunes difficultds k rencontrer toutes les normes. 

Les quantit^s d'eau de rivifere disponible pour la dilution et I'assimilatlon de 
I'ammoniaque des eaux us^es ^taient insuffisantes chez certains d^chargeurs. Le pH 
^Jev^ de la rivifere et la forte concentration intrins^ue d'ammoniaque contribuent k 
rendre I'ammoniaque le polluant limitant. Parmi ces d^chargeurs, certains doivent 
relocaliser leur point de d^versement & un endroit en aval oil la dilution est plus 
grande. D'autres doivent am^liorer la quality de leur effluent en utilisant un traitement 
plus avanc6 (et plus coiiteux). 

Un modfele informatis^ a ^t^ d^velopp^. La courbe en sac d'oxygfene dissous fut 
trouv^e grflce k une version modifi^e de I'dquation Streeter-Phelps. Cette Equation 
incorporait, en plus des facteurs classiques, la demande azot^e d'oxygfene et la 
demande s^imentaire d'oxygfene. La degradation (ou assimilation) de la D.B.O. et 
Tammoniaque fut caract6risee par des Equations diff^rentielles du premier ordre. La 
demande s&iimentaire d'oxygSne ne fut examinee que pendant I'automne, puisque les 
debits rapides et forts du printemps devraient en theorie d^barrasser le lit riverain des 
matiferes biod^gradables qui s'y sont depos^es durant I'ete. Le module tenait compte 
des debits d'eaux usees, des debits de base de la rivifere et de ses affluents, des 
emergences d'eaux phreatiques etc. 

En automne, les normes concernant I'oxygfene dissous ne pouvaient fitre obeies mfime 
si tous les dechargeurs s'abstenaient de deverser leurs eaux usees. La faiblesse des 
debits automnaux, la concentration intrinsfeque eievee de D.B.O. ainsi que la demande 
sedimentaire d'oxygfene contribuent ^ cette situation deplorable. Toute possibilite de 
deversement automnal fut done eiiminee. La totalite des eaux usees devra done 6tre 
deversde pendant les fen&tres du printemps. 
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L'allocation des d^charges d'eaux us6es a 6t6 efFectu^e grSce au mod&le pour les 
niveaux de population presents et future. La mdlhode consistait i maximiser 
I'utilisation de la capacity d'assimilation dans les region les plus en amont d'abord, 
puis de continuer successivement en aval. 

II fijt ddtermin^ que ranimoniaque est le poliuant limitant au printemps. Les r^sultats 
de I'optimisation sont les suivants: 

• Pour les conditions pr^entes et futures, en utilisant les d^its 7Q20 ou 30Q20, 
Williamsburg devra utiliser un systfeme d'adration prolong^e avec nitrification, 
car les ftibles debits du drain McMartin ne peuvent assimiler Teffluent d'une 
lagune. 

• Winchester devra relocaliser son point de d^charge h la rivifere Nation-Sud, 
Maxville et Ault Foods Lt^e devront relocaliser leurs points de d^charge plus 
en aval sur la rivifere Castor. 

• Pour les conditions pr^sentes et projetfes, en utilisant les debits 30Q20, toutes 
les autres communautfe pourront fiiire le traitement de leurs eaux us^es au 
moyen de lagunes conventionnelles. 

• Pour les conditions pr&entes, en utilisant les debits 7Q20, toutes les autres 
communaut^s pourront feire le traitement de leurs eaux us^es au moyen de 
lagunes conventionnelles. 

• Pour les conditions futures, en utilisant les debits 7Q20, les communaut^s 
d'Embrun et de Moose Creek (en plus de Williamsburg) devront utiliser des 
systfemes d'a^ration prolong^e avec nitrification. Toutes les autres 
communaut^s pourront faire le traitement de leurs eaux us^es au moyen de 
lagunes conventionnelles. 

• Un scenario de d^hargement par Stapes a ^t^ d^velopp^. Plus les conditions 
sont s^vferes, (en commengant par la condition pr^sente avec les d^its 30Q20 
et en finissant avec la condition future avec les d^its 7Q20) plus Tutilisation 
par Stapes des trois fenfetres de base (maximale, moyenne et minimale) est 
n6cessaire. Uutilisation par Stapes des fenfitres permet une meilleure 
utilisation de I'hydrographe du printemps, done un meilleure usage de la 
capacity d'assimilation de la rivifere. 

Une analyse de la zone de diffusion flit ^galement entreprise. II fallait voir si, lors de 
la diffusion des eaux us^es traitfcs dans la rivi&re r^ceptrice, la concentration de 
Tammoniaque ne violait aucune norme sur au moins 75 pour-cent de la surface de 
toute section transversale le long de la rivifere. Cette analyse se bornait it 
Tammoniaque, qui est le poliuant limitant. L'objectif d'une zone de passage de 75 
pour-cent peut £tre atteint partout le long de la rivifere Nation-Sud pour les conditions 
pr&entes et fiitures aux debits 30Q20, et pour les conditions pr6sentes aux d^its 
7Q20. Aux debits 7Q20, pour les conditions futures, les trongons les plus en amont 
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ne peuvent pas fournir une zone de passage de 75 pour-cent. La plupait des affluents 
ne pouvaient fournir cette zone de passage sous aucunes conditions. 

Une Evaluation comparative des coflts des diverses options de traitement a i\.€ 
entreprise. Les traitements par aeration prolong^ avec nitrification ainsi que le 
proc^d New Hamburg devraient avoir des coflts capitaux trfes semblables. 

Les recommandations majeures ddcoulant de cette ^tude sont les suivantes: un 
programme intensif de surveillance de la quality des eaux des riviferes du systfeme 
Nation-Sud devrait 6tre mis sur pieds; une analyse stochastique ayant pour but de 
d^finir la frequence et durfe des conditions nuisibles i la sant6 de la riviere devrait 
Stre entreprise; une 6tude approfondie des sources non ponctuelies de pollution devrait 
6tre entreprise afin d'dventuellement aboutir ^ la mise en oeuvre de mesures visant \ 
diminuer I'apport non-ponctuel de pollution. 

La possibility de contr61er et faire varier les debits de d^versement d'eaux us^es au 
prorata des ddbits de la rivifere offre le potentiel d'augmenter sensibiement le degr^ 
d'utilisation de la capacity d'assimilation des cours d'eaux. 

II est imp^ratif dYtablir des politiques claires sur les questions d' allocation des 
d^charges d'eaux usdes, ainsi que I'allocatton des ressources hydriques. En plus des 
efTets que ces politiques peuvent avoir sur la quantity des d^charges permises, leurs 
traitements et coflts resultants, il feut considdrer les enjeux socio-d^mographiques, 
politiques et socio-^conomiques de ces politiques. 
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INTRODUCTION 



The South Nation River currently receives municipal and industrial wastewater frora 
twelve (12) locations in the watershed. An additional seven (7) point sources are 
projected and further growth is expected in many of the communities with existing 
facilities. Most of the existing discharges occur during the spring and fall periods, 
when river flows are high. The assimilative capacity of the stream during the summer 
and winter periods is very low was not considered. 

The assimilative capacity of a stream is Uie ability of the stream to self-purify. It is 
defined as "the ability of a water body to transform and/or incorporate substances 
(e.g. nutrients) by the ecosystem such that the water quality does not degrade below a 
predetermined level". Assimilative capacity can be considered to be a natural 
resource. The process of dividing stream assimilative capacity among various 
dischargers is referred to as wastewater allocation. 

In the past, if a sewage treatment plant required upgrading or expansion, an ^ 

assessment of the receiving water would be carried out based on the local assimilative 
capacity. The effluent standards were based on the dilution or assimilative capacity of 
the receiving stream considering the individual plant only. 

In the South Nation River system, many treatment facilities discharge into a relatively 
short river of modest flow. Because all facilities generally discharge during the spring 
runoff period, there is potential for overlapping wastewater plumes, resulting in a 
degradation of instream water quality below that expected for a single discharger, 
The Ministry of the Environment and the SouUi Nation River Conservation Authority 
required that an assimilative capacity study of the wastewater loadings be undertaken 
considering the entire river system prior to making a decision on whether individual 
loadings can be increased. 

In conjunction widi this effort, an evaluation of the plume mixing zone (considering 
pollutant lethality) and the impact of non-point source pollutants (primarily 
agricultural) had to be considered. 

Thus, the overall purpose of the study was to determine the assimilative capacity of 
the South Nation River and to develop an appropriate wastewater allocation scheme 
for the dischargers. In developing this scheme, the fact that all discharges are inter- 
related could not be overlooked. An optimization of wastewater load allocation was 
performed. This optimization minimized die amount of treatment and discharge point 
relocations for the watershed as a whole. 
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STUDY SUMMARY 



The South Nation River watershed has been studied for its potential to assimilate 
wastewater effluents from point sources at existing and anticipated future growth 
conditions. In the future, in addition to population increases in existing communities, 
other communities will be discharging waste firom water pollution control facilities. 
There are two industries. Nestle and Autt Foods Ltd., currently discharging waste and 
one additional industry (St. Albert Cheese Ltd.) will discharge in the future. Except 
for the two industries, all of the communities that have water pollution control plants 
are using conventional fecultative lagoons that discharge on an annual or semi-annual 
basis. Lagoons are being contemplated for communities that will release their 
wastewater to the South Nation River in the future. The fijture planning period for 
this study was 20 years. Industries were consulted for their expected growth during 
this period. The populations of the communities 20 years from now were estimated 
from population studies for the region and planning documents prepared by the 
municipalities. 

Allocation of assimilative capacity for future conditions was dependent on estimates of 
future populations, specifically, regional population for the year 2011. For the 
purpose of this study, future population estimates were generated from growth 
projections of individual municipalities. Sources for the municipal growth projections 
included reports from independent consultants and various Official Plans, The 
resultant regional future population estimate, for the year 2001, was approximately 
37,000, which is almost twice the present regional population. This population 
estimate provided the bases for the waste allocation analysis for future conditions. 
Detailed assessment of this regional population estimate, and the implied spatial 
distribution of growth, were beyond the scope of this study. Since the assimilative 
capacity of the South Nation River is, in effect, a shared resource, the regional 
population growth, rather than the growth aspirations of individual municipalities, 
should be assessed. 

The study was divided into seven distinct steps. The first three steps involved data 
and information collection and analysis. The subsequent four steps used this 
information and data to determine the river system assimilative capacity and to 
develop the allocation scheme. 

The first step was to look at the sewage treatment plants currently operating in the 
system. The existing lagoons were characterized for their design features and 
performance based on historical data. Phosphorus removal through alum addition is 
being practised at a number of facilities. Additional performance data from lagoons 
in Ontario were used to determine conservative lagoon effluent quality estimates. The 
industries have custom designed wastewater treatment facilities which have 
experienced some difficulty in recent years in meeting Certificate of Approval effluent 
Specifications. 
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The second step was to collect and analyze river water quality data. Data from seven 
Ministry of Environment stations as well as the Plantagenet and Casselman water 
treatment plants were obtained. All available water quality and flow data for the 
streams of the watershed were analyzed. Water in the streams in the watershed is 
alkaline with a pH typically higher than 7.5. Water quality in the South Nation River 
system has been improving during the past 12 years as additional wastewater 
treatment capability has been installed. However, the background quality in the 
streams consistently remains above the Provincial Water Quality Objective for 
phosphorus. Ammonia levels are also high. On an annual basis the major source of 
ammonia and phosphorus is nonpoint sources. Annual nitrogen and phosphorus loads 
contributed by nonpoint sources to the South Nation River are greater than 98 and 
93%, respectively. During the spring discharge period, however, point source 
contributions have reached high values of over 50% of the ammonia load in the river. 
Furthermore at low flow conditions the load contribution from point sources will 
significantly increase as a percentage of the total load in the river. 

Background concentrations of pollutants in the stream were estimated from the 75 
percentile stream concentrations yielding a five day biochemical oxygen demand 
(BODj) of 2.3 mg/L and total ammonia concentration of 0.18 mg/L. 

With present background concentrations of phosphorus in the South Nation River 
system there is no assimilative capacity for phosphorus. New point sources will have 
to achieve low effluent total phosphorus (TP) concentrations along with concurrent 
reductions in non-point sources to return the rivers to a desirable state with respect to 
this pollutant. In existing lagoons, phosphorus reduction (usually with alum addition) 
has only been initiated recently. 

The MOE policy currently requires that present and future TP loads remain at or 
below current loads and that TP concentrations of treated wastewater be below 1 
mg/L. At present, Plantagenet, Winchester and the Ault Foods industry are at the 
limit of loads defined by their Certificates of Approval. Phosphorus loadings at future 
flow conditions are not expected to increase, and a reduction in current loadings is 
desirable. 

The third step was to establish the hydrologic regime of the South Nation River 
system. The river flows are the critical parameter in determining the assimilative 
capacity of the system. This assimilative capacity was analyzed at 7Q20 and 30Q2O 
flow conditions. A low frequency flow analysis was carried out to determine these 
flows at each of the water gauging stations during the spring and fell periods. A 
moving window approach was used to characterize the 7Q20 or 30Q20 hydrographs at 
each station. From these hydrographs the "guaranteed" minimum volume available for 
dilution over any time span was determined. The period during which the maximum 
volume was available for dilution at each station was also determined. By comparing 
the starting and ending dates for the period of maximum dilution at each station, 
maximum, average and minimum windows were defined. Using the windows concept 
allowed greater utilization of the available river flow for wastewater assimilation and 
dilution. 
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The dilution volumes and stream flow rates available in each of the windows were 
determined for each gauging station and a correlation between contributing drainage 
area and flow was determined. These correlations were used to estimate flows at all 
existing and potential wastewater source locations and at other points in the watershed 
where stream confluence occurred. Fall 7Q20 flows were indirectly estimated based 
on the drainage area at a location relative to the drainage area at Plantagenet, The 
7Q20 flows at Plantagenet were estimated with statistical techniques; however, scatter 
in the data at other stations was too large to allow the full implementation of the 
procedure used for the other flows. 

The fourth step was to combine the information collected and calculated in the initial 
three steps to determine the relative toxicity of the lagoon effluent and the ability of 
each discharge to meet Provincial Water Quality Objectives under the calculated 
stream flow constraints. 

In addition to lagoons, extended aeration with nitrification and New Hamburg 
processes were considered as possible upgrades to existing treatment. Of course, 
other options are available, but the three options considered in this study adequately 
cover the range of possible effluent quality. Effluents from all processes were 
examined for new toxicity standards being contemplated by MOE. The lethality 
standards for effluent are un-ionized ammonia less than 0.1 mg/L and undissociated 
hydrogen sulphide less than 0.02 mg/L. These standards apply to the effluent before 
it is discharged to the receiving water. It is also likely that lagoon effluent will 
violate the ammonia standard, particularly for spring discharges which is the prime 
discharge period for lagoons. Effluents for extended aeration or New Hamburg 
treatment are likely to be compliant with effluent lethality standards at all times. 

Spring lagoon effluents were assumed to range between 1 and 3 mg/L for 
undissociated hydrogen sulphide. There is insufficient dilution capacity available at 
any location in the spring under either present or future conditions to reduce lagoon 
effluent undissociated hydrogen sulphide to Provincial Water Quality Objective stream 
values. Aeration will therefore be required in all lagoon treatment plants to strip 
hydrogen sulphide from the effluent. 

In this first comprehensive study of assimilation in the watershed, the conservative 
and practical constraint of approximately constant discharge rates for the effluents was 
imposed. Maximum dilution factors available in the spring and fall were insufficient 
at some locations to meet Provincial Water Quality Objectives for ammonia. Because 
of the alkaline nature of the waters and the high background concentrations of 
ammonia, ammonia was the limiting pollutant. Relocation of some effluent discharge 
points to locations where sufficient dilution capacity is available was necessary. 

A spreadsheet model was developed to characterize the watershed. A modified 
Streeler-Phelps equation incorporating nitrogenous oxygen demand and sediment 
oxygen demand was used to characterize dissolved oxygen variation. BOD and 
ammonia were decayed according to first order relations. Sediment oxygen demand 
was assumed to be present only in the fall due to accumulation of deposited organics 
over the low flow summer period. During the spring it was assumed that the higher 
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stream flows would scour deposited organics from the streams. The model 
incorporated waste flows, river and tributaries base flows as well as groundwater 
inflows at appropriate nodes. The spreadsheet model evaluated all streams to which 
point sources discharged and linked discharge windows for a more convenient 
automated solution. 

Low flows in the fall as well as background dissolved concentrations and sediment 
oxygen demand resulted in Provincial Water Quality Objectives dissolved oxygen 
violations without any waste sources discharging. Therefore the fall period was 
eliminated from consideration for waste discharge. The current and future conditions 
were optimized to meet the Provincial Water Quality Objectives using the model. The 
solution approach was to maximize use of the assimilative capacity starting at the 
upstream end of the streams and working downstream. 

During spring ammonia was found to be the pollutant limiting discharges. The results 
of the wastewater allocation optimizations are as follows. 

• Small flows in McMartin Drain will require Williamsburg to install extended 
aeration treatment. 

• Winchester, Maxville and Ault Foods Limited should relocate their effluent 
discharge points for all conditions, Wmchester must move its discharge point 
to the South Nation River while Maxville and Ault Foods Limited must 
discharge further downstream in local receiving waters. 

• At present and future growth conditions under 30Q20 stream flows, all other 
communities are able to use lagoon treatment. 

• At present conditions under 7Q20 stream flows, all other communities are able 
to use lagoon treatment. 

• At future growth conditions, under 7Q20 stream flows, Williamsburg, Embrun 
and Moose Creek should upgrade to extended aeration treatment or better. All 
other communities are able to use lagoon treatment. 

• Staged discharge schemes were developed for the discharge of effluents under 
all windows. As conditions changed from present to future growth conditions 
or from 30Q20 to (the lower) 7Q20 flows greater use of all discharge windows 
had to be made. 

The sixth step was to perform a mixing zone analysis. The criterion was that any 
waste source had to maintain a 75% zone of passage outside of the effluent plume 
where the concentrations of pollutants were within the Provincial Water Quality 
Objectives. The analysis was limited to ammonia and only conducted for spring 
discharge conditions because of uncertainty in fall travel time and flow estimations. 
The 75% zone of passage objective could be achieved everywhere on the South 
Nation River for both present and future 30Q20 conditions, and for the present 7Q20 
conditions. It could not be achieved in the upper reaches of the South Nation River 
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for future 7Q20 conditions. Most tributary streams could not achieve the 75% zone 
of passage under any flow condition. 

The final step was a cost analysis. A cursory evaluation of capital and operating costs 
was conducted to compare the various treatment options. The New Hamburg and 
extended aeration processes were found to have similar costs. 

Major recommendations from this study include a more extensive monitoring of water 
quality in the watershed and a stochastic analysis to better define frequency and 
duration of deleterious stream conditions. Nonpoint pollution sources must be 
evaluated and corrective measures assessed for their potential to reduce background 
concentrations of nutrients and other contaminants. 

Real time control of effluent discharges with variable rate discharges linked to 
slreamflows offers the potential to reduce the treatment upgrade requirements or 
discharge point relocations. 

Wastewater assimilative capacity is one of the (actors which can affect or limit 
growth. Water allocation is another which should be considered. There is a 
requirement to develop a clear guideline on wastewater and water allocation for a 
watershed. Besides water and wastewater quantities and costs, the secondary effects 
of policies such as population demographics and other socioeconomic considerations 
must be addressed. 
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3.1 



EXPLANATORY NOTES 



This section reviews all individual dischargers. Background information such as 
location, receiving stream, current and projected population, description of in-place 
treatment system etc. is listed for each discharger. The ability of each discharger to 
meet Provincial Water Quality Objectives is then discussed for the four cases 
examined in this study: 

• Present conditions with 7Q20 flow^ 

• Present conditions with 30Q20 flows 

• Future conditions with 7Q20 flows 

• Future conditions with 30Q20 flows 

The flowrates and windows of discharge are given, as well as the type of treatment 
needed to comply with Provincial Water Quality Objectives. It should be noted once 
more that al! discharges are inter-connected, and that the allocation scheme presented 
herein was developed to minimize the amount of treatment and discharge point 
relocations for the watershed as a whole. Recommendations for each discharger are 
also listed. 

T^ble 3-1 list the starting and ending dates of the 7Q20 and 30Q20 windows. The 
window concept was briefly explained in Section 2. More explanations on this 
concept can be found in the Wastewater Allocation Study Report. Tables 3-2 to 3-5 
summarise the allocation scheme for all four conditions. The watershed schematics 
are presented in Figure 3-1. 

Table 3-1: Window Start Dates and End Dates and Duration 



Flow Condition 


Window 


Start Date 


End Date 


Duration 


7Q20 


Maximum 


March 22 


May 13 


53 days 


Average 


March 25 


April 26 


33 days 


Minimum 


March 30 


April 13 


15 days 


30Q20 


Maximum 


March 16 


April 24 


40 days 


Average 


March 20 


April 20 


32 days 


Minimum 


March 28 


April 15 


19 days 
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Table 3-2 Optimum Wastewater Allocation and Treatment for Present 


30Q20 Flows 


► 




Dischaige 
Windcw 


Point Source 


Treatment* 


Discharge 
Location' 


Volume 

Discharged 

(m" 


BODj 

Loading 
(kg) 


Loading 
(kg) 


Discharge 
Rate 

(m'/s) 


Mm 

March 16 

to 
April 24 


Ault 


I' 


AB 


193800 


970 


1180 


0.0561 


Casselman 


L 


G 


365000 


10950 


5110 


0.1056 


Chesterville 


L 


M 


296015 


8880 


4140 


0.0857 


Embrun 


L 


Z 


474500 


14200 


6640 


0.1373 


Maxville 


L 


T 


59860 


1800 


840 


0.0173 


Nestle 


V 


M 


225862 


3390 


1380 


0.0654 


Plantagenet 


L 


B 


225202 


6760 


3150 


0.0652 


Russell 


L 


AA 


193085 


5790 


2710 


0.0559 


Spencerville 


L 


Q 


51100 


1530 


715 


0.0148 


St. Isidore 


L 


s 


127000 


3810 


1780 


0.0368 


Williarasbuig 


EA 


AG 


64100 


960 


320 


0.0185 


Winchester 


L 


N 


629600 


18900 


8810 


0.1822 



2. EA - ectended aeration; L - lagoon 

3. Discharge locations are nodes on Fig. 3-1 . 
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Table 3-3 Optimum Wastewater Allocation and Treatment for Future 30Q20 Flows 






Discharge 
Window 


Point Source 


Treatment^ 


Discharge 
Location-" 


Volume 
Discharged 


BODs 

Loading 

(kg) 


Loading 
(kg) 


Discharge 

Rate 

(m'/s) 


Max 

March 16 


Auk 


I' 


AB 


455000 


2280 


2780 


0.1317 


Bourget 


L 


V 


230200 


6910 


3220 


0.0666 


Casselman 


L 


G 


944300 


28300 


13200 


0.2732 


to 


Chesterville 


L 


M 


318800 


9560 


4470 


0.0922 


April 24 


Crysler 


L 


L 


219000 


6570 


3070 


0.0634 




Fouraier 


L 


R 


50900 


1530 


710 


0.0147 


Maxville 


L 


T 


61300 


1840 


860 


0.0177 


Nestle 


I' 


M 


225900 


3390 


1380 


0.0654 


Plantagenet 


L 


B 


254100 


7620 


3560 


0.0735 


Russell 


L 


AA 


865300 


26000 


12100 


0.2504 


Spencerville 


L 


Q 


69400 


2080 


970 


0.0201 


St-AJbert 


L 


J 


138400 


4150 


1940 


0.0400 


St-Albert Cheese 


I' 


J 


22600 


340 


140 


0.0065 


St-Isidore 


L 


s 


176700 


5300 


2480 


0.0511 


Williamsburg 


EA 


AG 


70800 


1060 


350 


0.0205 


Winchester 


L 


N 


717200 


21500 


10000 


0.2075 


Ave 

March 20 to 

April 20 


Embrun 


L 


Z 


1551100 


46500 


21700 


0.5610 


Moose Creek 


L 


X 


101600 


3050 


1420 


0.0368 


industn 


al treatments are ci 


istom designt 


'A 











2. L - lagoon; EA - extended aeration 

3. Discharge location nodes are indicated on Fig. 3-1. 
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Table 3-4 Optimum Wastewater Allocation and Treatment for Present 7Q20 Flows 






Discharge 
\N^dc«v 


Point Source 


Treatment^ 


Discbarge 
Location^ 


Volume 
Discharged 

(m" 


BODj 

Loading 

(kg) 


NH„ 

Loading 

(kg) 


Discharge 
Rate 

(m'/s) 


Max 


Casselman 


L 


G 


365000 


10950 


5110 


0.0797 


Chesterville 


L 


M 


296015 


8880 


4150 


0.0646 


March 22 


Nestle 


I' 


M 


225862 


3390 


1380 


0,0493 


Plantagenet 


L 


B 


225205 


6760 


3160 


0.0492 


•» 


Russell 


L 


AA 


193085 


5790 


2710 


0.0422 


May 13 


Spencerville 


L 


Q 


51100 


1530 


720 


0,0112 




Ault 


I' 


AB 


193800 


970 


1180 


0.0680 


Ave 


Embrun 


L 


Z 


474500 


14200 


6650 


0.1664 


March 25 

to 
April 26 


St-Isidore 


L 


S 


127000 


3810 


1780 


0.0445 


Winchester 


L 


N 


629600 


18900 


8820 


0.2208 


Min 
March 30 to 

April 13 


Maxville 


L 


T 


59860 


1800 


840 


0.0462 


Wlliamsbutg 


EA 


AG 


64100 


960 


320 


0.0495 


Industria 


treatments are c\ 


astom designe 


id 











2. EA - extended aeration; L - lagoon 

3. Discharge locations are nodes on Fig. 3-1. 
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Table 3-5 Optimum Wastewater Allocation and Treatment for Future 7Q20 Flows 






1 Discharge 
1 Window 


Point Source 


Treatment^ 


Discharge 
Location^ 


Volume 
Discharged 


BODj 

Loading 

(kg) 


Loading 
(kg) 


Discharge 

Rate 

(mVs) 


Max 

March 22 

» 

May 13 


Bouiget 


L 


V 


230200 


6910 


3230 


0.0503 


Chesterville 


L 


M 


318800 


9560 


4470 


0.0696 


Crysler 


L 


L 


219000 


6570 


3070 


0.0478 


Fournier 


L 


R 


50900 


1530 


710 


o.ni 


Nestle 


I' 


M 


225900 


3390 


1380 


0.493 


Plantagenet 


L 


B 


254100 


7620 


3560 


0.0555 


Spencerviile 


L 


Q 


69400 


2080 


970 


0.0152 




St-Albert 


L 


J 


138400 


4150 


1940 


0.0302 




St-Albert Cheese 


I' 


J 


22600 


340 


140 


0.0049 




Casselman 


L 


G 


944300 


28300 


13200 


0.3312 


Ave 


Embrun 


EA 


2 


1551100 


23300 


7760 


0.5440 


March 25 

to 
April 26 


St-Isidore 


L 


S 


176700 


5300 


2480 


0.0620 


Winchester 


L 


N 


717200 


21500 


10000 


0.2515 




Ault 


I' 


AB 


455000 


2280 


2780 


0.3511 


1 Min 


Maxville 


L 


T 


61300 


1840 


860 


0.0473 


March 30 


Moose Creek 


EA 


X 


101600 


1520 


510 


0.0784 


to 
April 13 


Russeil 


L 


AA 


865300 


26000 


12100 


0.6677 


WilUamsbuig 


EA 


AG 


70800 


1060 


350 


0.0546 


1. Industri 


al treatments are c 


ustom design* 


xJ 











2, L - lagoon; EA - extended aeration 

3. Discharge location nodes are indicated on Fig. 3-1. 
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3.2 BOURGET 

3.2.1 Background 

Boui^et is presently not discharging its waste to the South Nation River system. 
Bcui^get is located in the northern-central part of the watershed, near the Bear Brook 
tributary. Bourget's population of 1,300 is expected to reach approximately 1,600 by 
2011. 

3.2.2 Ability to meet Provindal Water Quality Objectives 

Boui^et can meet Provincial Water Quality Objectives under both 7Q20 and 30Q20 
flow condtions if it treats its wastewater with a conventional lagoon treatment and 
release it on an annual basis to the Bear Brook, lb meet the objective for hydrogen 
sulphide,aeration will be required. Under 7Q20 flows, the constant discharge period 
is the maximum window. Under 30Q20 flows, the constant discharge period is the 
maximum window. For window periods and discharge flowrates, refer to Tables 3-1, 
3-3 and 3-5. 

The storage capacity of Boui^et's lagoon should be 230,000 cubic metres. A post , 
aeration cell must be installed. 

3.2.3 Recommendations 

• Construction of conventional lagoon treatment facilities with post aeration 
cell 
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3.S CASSELMAN 

3.3.1 Background 

The community of Casselman is located near the centre of the drainage basin, where 
the major east-west road (Hwy 417) crosses the South Nation River. It is a 
community of about 2,400 people which is expected to reach 6,400 people by the year 
2011. 

The wastewater treatment system, operated by the Ministry of the Environment 
(MOE), consists of two rectangular cell lagoons, each with a surfece area of 8.1 
hectares for a total of 16,2 hectares. The lagoons are operated in a batch mode, with 
addition of alum. Suspended solids are allowed to settle before the lagoon contents 
are discharged in the spring and the fell. Lagoon effluents are discharged at a 
controlled rate to the South Nation River. 

Assuming a depth of 1.5 metres, the storage provided in the current lagoons is 
243,000 cubic metres. At an average daily flow of 1000 cubic metres per day (0.417 
cubic metres per capita per day), storage capacity is 243 days. This is adequate for 
the seasonal discharge which is allowed at this fecility During wet weather, 
wastewater flow increases to 1,300 to 1,500 cubic metres per day (0.540-0.625 cubic 
metres per capita per day). 

The organic loading rate to the wastewater treatment system is 11.0 kilograms of 
Biochemical oxygen demand (BOD) per hectare per day. Records indicate that overall 
effluent characteristics of 10/15/0.5 milligrams per litres (BOD/Suspended Solids 
(SS)/Total Phosphorus(TP)) may be expected from this plant. Historical records show 
that from 1986 to 1990, average effluent characteristics have been approximately 
6/14/0.6 mg/L (BOD/SS/TP). This is well within the MOE criteria for Casselman of 
30/40/1 mg/L (BOD/SS/TP). 

3.3.2 Ability to meet Provincial Water polity Objectives 

3.3.2.1 Present Conditions 

In order to meet Provincial Water Quality Objectives under both 7Q20 and 30Q20 
allocation schemes, Casselman may continue to treat its wastewater with conventional 
lagoon treatment and release it on an annual basis to the South Nation River. To 
meet the objective for hydrogen sulphide, post aeration will be required. Under 7Q20 
flows, the constant discharge period is the maximum window. Under 30Q20 flows, 
the constant discharge period is the maximum window. For window periods and 
discharge flowrates, refer to Tables 3-1 - 3-5. 

The storage capacity of Casselman's lagoon should be increased from 243,000 cubic 
metres to 365,000 cubic metres, since semi-annual discharges presently allowed 
cannot be practised under this proposed scheme. No discharge point relocation is 
required. For window periods and discharge flowrates, refer to Tables 3-1 to 3-5. 



769.11 3-8 

920922 



SUMMARY OF DISCHARGERS 



3.3.2.2 Future Conditions 

In order to meet Provincial Water Quality Objectives under both 7Q20 and 30Q20 
allocation schemes, Casselman may continue to treat its wastewater with conventional 
lagoon treatment and release it on an annual basis in the South Nation River, lb 
meet the objective for hydrogen sulphide, post aeration will be required. Under 7Q20 
flows, the constant discharge period is the average window. Under 30Q20 flows, the 
constant discharge period is the maximum window. For window periods and 
discharge flowrates, refer to Tables 3-1 to 3-5. 

The storage capacity of Casselman's lagoon should be increased from the present 
243,000 cubic metres to 944,300 cubic metres to accommodate increased flows from 
population growth. No discharge point relocation is required. 

3.3.3 Recommendations 

• Addition of post aeration for hydrogen sulphide removal 

• Construction of additional treatment cell(s) 
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3.4 CHESTERVILLE 

3.4,1 Background 

The community of Chesterville is located in the central part of the watershed. It is a 
community of about 1500 people and is expected to grow to 1,700 people by the year 
201 1. Nestle Enterprises Ltd. is located in this community but its industrial process 
wastewater is treated in a completely separate wastewater treatment plant. 

The wastewater treatment system consists of two cell facultative lagoons. Each cell 
has a surface area of just under 6 hectares for a total of 12 hectares. Discharge from 
this lagoon system is allowed two times per year, in the spring and fell. The lagoons 
are operated in series and effluent is discharged at a controlled rate to the South 
Nation River. The facilities are operated by the MOE; headquarters for this operation 
staff group are in Chesterville. 

The storage volume in both cells is roughly 185,000 cubic metres, assuming an 
average depth of 1.5 metres in the lagoons. At an average flow of 800 cubic metres 
per day (0.533 cubic metres per capita per day), there is storage for 230 days between 
discharges. The fecility is conservatively loaded in terms of organic loading, and has 
limited spare capacity in terms of hydraulic capability. 

This lagoon is operated in batch mode, with addition of alum. Suspended solids are 
allowed to settle before effluent is discharged to the receiving stream in spring and 
fall. Alum dosage for batch treatment has been about 80-100 mg/L, which is in the 
normal application range for this type of lagoon. 

The organic loading for this plant has been higher than loadings at other facilities. 
However, the received loading of approximately 10 kilograms BOD per hectare per 
day is still relatively low in absolute terms, and excellent treatment results have been 
achieved at this facility Batch treatment is now routinely used to control suspended 
solids and total phosphorus discharges and good effluent quality of roughly 15/30/0.5 
mg/L (BOD/SS/TP) is possible to achieve. From 1986 to 1990, average effluent 
characteristics for the Chesterville wastewater treatment plant were approximately 
10/22/2 mg/L (BOD/SS/TP). 

Weed growth is becoming difficult to control at this site. Weed growth produces 
islands of weeds in the stabilization ponds and decreases the volume of the ponds. 
Channelization of flows can occur. Weeds can also shield the water surface from 
winds, which reduces aeration. Uncontrolled weed growth can eventually transform 
the pond into a swamp: odours, insect breeding and reduced treatment will result. 
The exceptionally dry summer of 1991 made it difficult (in some lagoons almost 
impossible) to sustain adequate water depth for good weed control. Some intensive 
work will be needed at several sites, including Chesterville, to remove weeds from the 
lagoon bottoms. 
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3.4.2 Ability to meet Provincial Water (polity Objectives 

3.4.2.1 Present Conditions 

In order to meet Provincial Water Quality Objectives under both 7Q20 and 30Q20 
allocation schemes, Chesterville may continue to treat its wastewater with 
conventional lagoon treatment and release it on an annual basis to the South Nation 
River. To meet the objective for hydrogen sulphide, addition of post aeration will be 
required. Under 7Q20 flows, the constant discharge period is the maximum window. 
Under 30Q20 flows, the constant discharge period is the maximum window. For 
window periods and discharge flowrates, refer to Tables 3-1 - 3-5. 

The storage capacity of Chestervilie's lagoon should be increased from 185,000 cubic 
metres to 296,000 cubic metres, since semi-annual discharges presently allowed 
cannot be practised under the proposed scheme. No discharge point relocation is 
required, 

3.4.2.2 Future Conditions 

In order to meet Provincial Water Quality Objectives under both 7Q20 and 30Q20 
allocation schemes, Chesterville may continue to treat its wastewater with 
conventional lagoon treatment and release it on an annual basis to the South Nation 
River, To meet the objective for hydrogen sulphide, addition of post aeration will be 
required. Under 7Q20 flows, the constant discharge period is the maximum window. 
Under 30Q20 flows, the constant discharge period is the maximum window. For 
window periods and discharge flowrates, refer to Tables 3-1, 3-3 and 3-5. 

The storage capacity of Chestervilie's lagoon should be increased from the present 
185,000 cubic metres to 318,800 cubic metres to accommodate future growth. No 
discharge point relocation is required. 

3.4.3 Recommendations 

• Remediate weed growth problem 

• Addition of post aeration for hydrogen sulphide removal 

• Construction of additional treatment cell(s) 
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3.5 CRySLER 

3.5.1 Background 

Crysler is presently not discharging its waste to the South Nation River or to any 
tributaries of the South Nation River. Crysler is located in the centre of the 
watershed. Crysler's population of 600 is expected to reach approximately 1,500 by 
2011. 

3.5.2 Ability to meet Provincial Water QuaUty Objectives 

3.5.2.1 Future Conditions 

In order to meet Provincial Water Quality Objectives under both 7Q20 and 30Q20 
allocation schemes, Crysler may treat its wastewater with conventional lagoon 
treatment and release it on an annual basis to the South Nation River, lb meet the 
objective for hydrogen sulphide, addition of post aeration will be required. Under 
7Q20 flows, the constant discharge period is the maximum window. Under 30Q20 
flows, the constant discharge period is the maximum window. For window periods 
and discharge flowrates, refer to Tables 3-1 - 3-5. 

The storage capacity of Crysler's lagoon should be 219,000 cubic metres. 

3.5.3 Recommendations 

• Construction of conventional lagoon treatment facilities with post aeration 
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3.6 EMBRUN 

3.6.1 Background 

With a population of about 4,000 people, Embnin is the largest community within the 
South Nation drainage basin. The 2011 population is expected to be approximately 
1 1,000. Embrun is located near the centre of the watershed. 

Domestic wastewater from this community is treated by a six cell lagoon system. The 
complete facility was constructed in 1985 and has been in service since that time. 
Effluent is discharged once a year during the spring to the Castor River. No metal 
salts are added to the wastewater for phosphorus and sediment removal at this time. 

The whole collection system, pumping system, and lagoon system was constructed 
during the 1980s. The flow from the 4,000 serviced population was estimated to be 
1,300 cubic metres per day The daily per capita flow is around 0.320 cubic metres, 
which is indicative of a new, tight sewer system. The total storage capacity in the six 
cells is roughly 800,000 cubic metres at an assumed depth of 1.5 metres, which would 
provide storage for 530 days. 

The fiicilities are owned and operated by the municipality. The overall approach 
appears to be one of active operation and maintenance. Improvements and 
modifications to the facilities have been found necessary and then quickly 
implemented. 

The six lagoon cells are designed as four primary treatment cells and two secondary 
treatment cells. Gross surface area is 53.4 hectares (the Certificate of Approval 
indicates that the lagoon surface area is 37.2 hectares). The current organic loading is 
6.0 kilograms of BOD per hectare per day which is conservative. Good quality 
eflluent may be expected. 

Recorded results of effluent quality were provided by municipal supervisory stafl" to 
the G&S office in Ottawa. The system has been functioning well within the 20/30 
mg/L effluent range for BOD and suspended solids. Total phosphorus has usually 
been less than 1 mg/L according to the lab data sheets. 

Wind and/or ice action has caused damage to some areas of the lagoon embankment. 
Municipal staff" have authorized and carried out upgrading by installing rip-rap in 
some of the most aff'ected areas. Covering some embankments with geo-textile has 
also been done. It is expected that geotextile reinforcements will become more 
popular to both strengthen banks and provide weed control. 

The current facility is relatively "young", conservatively sized, and capable of serving 
a larger population while maintaining eflluent quality at current concentration levels. 
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3.6.2 Ability to meet Proyindai Water Quality Objectives 

3.6.2.1 Present Conditions 

In order to meet Provincial Water Quality Objectives under both 7Q20 and 30Q20 
allocation schemes, Embrun may continue to treat its wastewater with conventional 
lagoon treatment and release it on an annual basis to the Castor River, lb meet the 
objective for hydrogen sulphide, addition of post aeration will be required. Under 
7Q20 flows, the constant discharge period is the average window. Under 30Q20 
flows, the constant discharge period is the maximum window. For window periods 
and discharge flowrates, refer to Tables 3-1 - 3-5. 

The storage capacity of Embrun's lagoon is adequate for the present population levels. 
No discharge point relocation is required. 

3.6.2.2 Future Conditions 

In order to meet Provincial Water Quality Objectives under the 30Q20 allocation 
scheme, Embrun may continue to treat its wastewater with conventional lagoon 
treatment and release it on an annual basis to the Castor River. The constant 
discharge period would be the average window. For window periods and discharge 
flowrates, refer to Tables 3-1 - 3-5, 

The storage capacity of Embrun's lagoon should be increased from the present 
800,000 cubic metres to 1,551,100 cubic metres. Post aeration should be provided. 
No discharge point relocation is required. 

In order to meet Provincial Water Quality Objectives under the 7Q20 allocation 
scheme, Embrun should treat its wastewater with an extended aeration system with 
nitrification process and release it on an annual basis to the Castor River. The 
constant discharge period would be the average window. 

The storage capacity of Embrun should be increased ft'om the present 800,000 cubic 
metres to 1,551,100 cubic metres to accommodate growth. No discharge point 
relocation is required. 

3.6.3 Recommendations 

• Remediate wind/ice action problem 

• Construction of additional treatment/storage cell(s) for future use 

• On a 7Q20 flow basis, for fiiture conditions, upgrade to extended aeration 
with nitrification 
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3.7 FOURNIER 

3.7.1 Background 

Fournier is presently not discharging its waste to the South Nation River or to any 
tributaries of the South Nation River. Fournier is located in the north-eastern part of 
the watershed, near the Paxton Creek. Fournier's population of 230 is expected to 
reach approximately 350 by 2011. 

3.7.2 Ability to meet ProvindM Water Quality Objectives 

3.7.2.1 Future Conditions 

In order to meet Provincial Water Quality Objectives under both 7Q20 and 30Q20 
allocation schemes, Fournier should treat its wastewater with conventional lagoon 
treatment and release it on an annual basis to the Paxton Creek, lb meet the 
objective for hydrogen sulphide, addition of post aeration will be required. Under 
7Q20 flows, the constant discharge period is the maximum window. Under 30Q20 
flows, the constant discharge period is the maximum window. For window periods 
and discharge flowrates, refer to Tables 3-1, 3-3 and 3-5. 

The storage capacity of Fournier's lagoon should be 50,900 cubic metres. 

3.7.3 Recommendations 

* Construction of conventional lagoon treatment fecilities with post aeration 



769.11 3-15 

920922 



SUMMARY OF DISCHARGERS 



3.8 MAXVILLE 

3.8.1 Background 

The community of Maxville is situated on the eastern limit of the South Nation 
drainage basin. It is a community of approximately 800 persons. Maxvilie's 
population is expected to remain at current levels. 

The wastewater treatment system (constructed in 1989) is made up of a collection 
system, two pumping stations, and a two-cell lagoon system. Discharge from this 
system is on an annual basis during spring to the West Branch of the Scotch River. 
The flows in the Scoth River near Maxville are very low, hence the assimilative 
capacity available to Maxville is limited. The treated and stored wastewater is batch 
treated by alum addition, and then allowed to settle before it is discharged. 

The treatment facility is relatively new. It has been in service only three years with 
little time for significant sludge and grit accumulation. The facility is operated and 
maintained by MOE staff, who are based in Casselman. 

The two rectangular cells have a total surfece area of 9.75 hectares. There is little 
land left on the present plant site for any future expansion. The storage volume in the 
two existing lagoons is roughly 164,000 cubic metres. At the current average daily 
flow of 160 cubic metres per day, the storage volume is sufficient for 1025 days. The 
existing facilities are able to handle a hydraulic loading up to 0.45 ML/d while still 
providing more than sufficient storage. The daily per capita loading of about 0.200 
cubic metres is indicative of a new, tight collection system. 

The organic load (kg BOD per hectare per day) is very low at this site due to its 
recent design and construction. Therefore high quality effluent is expected from this 
treatment sj^tem. Effluent quality should be at least 20/20/0.6 mg/L (BOD/SS/TP) 
at current loadings, well within Certificate of Approval limits. 

3.8.2 Ability to meet Provincial Water Quality Objectives 

3.8.2.1 PreseiU Conditions 

In order to meet Provincial Water Quality Objectives under both 7Q20 and 30Q20 
allocation schemes, Maxville may continue to treat its wastewater with conventional 
lagoon treatment and release it on an annual basis to the West Branch of the Scotch 
River, lb meet the objective for hydrogen sulphide, addition of post aeration will be 
required. Under 7Q20 flows, the constant discharge period is the minimum window. 
Under 30Q20 flows, the constant discharge period is the maximum window. For 
window periods and discharge flowrates, refer to Tables 3-1 - 3-5. 

The storage capacity for Maxville is adequate for the present conditions. The 
discharge point of Maxville must be relocated to the point of confluence of the 
Gumming Drain and the West Branch of the Scotch River. 
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3.8.2.2 Future Condiiions 

In order to meet Provincial Water Quality Objectives under both 7Q20 and 30Q20 
allocation schemes, Maxville may continue to treat its wastewater with conventional 
lagoon treatment and release it on an annual basis to the West Branch of the Scotch 
River, lb meet the objective for hydrogen sulphide, addition of post aeration will be 
required. Under 7Q20 flows, the constant discharge period is the minimum window. 
Under 30Q20 flows, the constant discharge period is the maximum window. For 
window periods and discharge flowrates, refer to Tables 3-1 - 3-5. 

The storage capacity of Maxville is adequate for future conditions. The discharge 
point of Maxville must be relocated to the point of confluence of the Gumming Drain 
and the West Branch of the Scotch River. 

3.8,3 Recommendadons 

• Addition of post aeration for hydrogen sulphide removal 

• Relocation of discharge location to the confluence of the Gumming Drain 
and the West Branch of the Scotch River 
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3.9 MOOSE CREEK 

3.9.1 Background 

Moose Creek is not presently discharging its waste to the South Nation River or to 
any tributaries of the South Nation River. Moose Creek is located in the central- 
eastern part of the watershed, near the stream of Moose Creek. Moose Creek's 
population of 450 is expected to reach approximately 700 by 201 1. 

3.9.2 Ability to meet Provincial Water Quality Objectives 

3,9,2,1 Future Conditions 

In order to meet Provincial Water Quality Objectives under the 30Q20 allocation 
scheme, Moose Creek should treat its wastewater with conventional lagoon treatment 
and release it on an annual basis to the Moose Creek. Post aeration would be 
required to meet the hydrogen sulphide Objective. The constant discharge period is 
the average window. For window periods and discharge flowrates, refer to Tables 3- 
1, 3-3 and 3-5. 

In order to meet Provincial Water Quality Objectives under the 7Q20 allocation 
scheme. Moose Creek should treat its wastewater with an extended aeration with 
nitrification process and release it on an annual basis to the Moose Creek. The 
constant discharge period is the minimum window. For window periods and 
discharge flowrates, refer to Tables 3-1 - 3-5. 

The storage capacity for Moose Creek should be 101,600 cubic metres. 

3.9.3 Recommendations 

• Construction of treatment/storage lagoon 

• On a 7Q20 flow basis, upgrade to extended aeration with nitrification 
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3.10 PLANTAGENET 

3.10.1 Background 

This community is situated in the northern tip of the South Nation River drainage 
basin, and fairly close to the confluence point of the South Nation with the Ottawa 
River. It is a relatively small community with a present connected population of 
approximately 900 people, which is expected to reach 1,100 people by 2011. 

The wastewater treatment system, operated by the MOE, consists of one small sewage 
lift station in the community, along with one pumping station which transfers the 
wastewater to a single 6.9 hectare lagoon. Batch treated lagoon effluent can be 
discharged twice per year in the spring and fall. The discharge is routed directly to 
the South Nation River. 

The average daily wastewater flow is 650 cubic metres per day (or just above 0.700 
cubic metres per capita per day). This flow rate is high. It indicates that there is 
likely a major input of infiltration/inflow into the sewer system even when it is not 
raining (or melting). This same tendency is indicated by much higher wet weather 
flows which are double to triple the average daily flow. 

The organic loading to the lagoon system is an acceptable 10.4 kg BOD per hectare 
per day The storage capacity of the lagoon is 100,000 cubic metres. It allows 
storage for 153 days at average flow which is insufficient for seasonal discharge. 

Batch treatment with alum is now routinely used to enhance effluent quality prior to 
discharge. Results have been adequate at approximately 15/25/0.5 mg/L 
(BOD,SS,TP). While this facility is within its Certificate of Approval compliance 
limits, effluent quality is not as good as that obtained at other plants in the drainage 
basin. This can be attributed to: 

(a) lack of storage (and treatment) lime, 

(b) single cell operation, which makes it necessary to "feed" the lagoon during 
discharge. 

It has become evident that major areas of concern include; 

(a) apparent infiltration/inflow problems in the collecting system, 

(b) the need for at least one more treatment/storage cell. 

3.10.2 Ability to meet Provincial Water Qtwlity Objectives 

3.10.2.1 Present Conditions 

In order to meet Provincial Water Quality Objectives under both 7Q20 and 30Q20 
allocation schemes, Plantagenet may continue to treat its wastewater with conventional 
lagoon treatment and release it on an annua! basis to the South Nation River. To 
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meet the objective for hydrogen sulphide, addition of post aeration will be required. 
Under 7Q20 flows, the constant discharge period is the maximum window. Under 
30Q20 flows, the constant discharge period is the maximum window. For window 
periods and discharge flowrates, refer to Tables 3-1 - 3-5. 

The storage capacity of Plantagenet's lagoon should be increased from 100,000 cubic 
metres to 225,200 cubic metres, since semi-annual discharges presently allowed 
carmot be practised under the proposed scheme. 

3.10.2.2 Future Conditions 

In order to meet Provincial Water Quality Objectives under both 7Q20 and 30Q20 
allocation schemes, Plantagenet may continue to treat its wastewater with conventional 
lagoon treatment and release it on an annual basis to the South Nation River. To 
meet the objective for hydrogen sulphide, addition of post aeration will be required. 
Under 7Q20 flows, the constant discharge period is the maximum window. Under 
30Q20 flows, the constant discharge period is the maximum window. For window 
periods and discharge flowrates, refer to Tables 3-1 - 3-5. 

The storage capacity of Plantagenet's lagoon should be increased from the present 
100,000 cubic metres to 254,100 cubic metres to accommodate future growth. No 
discharge point relocation is required. 

3.10.3 Recommendations 

• Remediate high inflow/infiltration problem 

• Construction of additional treatment ceil(s) 

• Addition of post aeration for hydrogen sulphide removal 
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3.11 RUSSELL 
3.11.1 Background 

This community is on the west side of the drainage basin. The growth rate in this 
community has been relatively high. The present serviced population is about 2,000 
people, and is projected to reach 6,400 by the year 2011. 

The wastewater treatment system, owned and operated by the MOE, consists of a 
collection system, a pumping station, and a two cell lagoon system. Semi-annual 
discharge to the Castor River is allowed. Each discharge is preceded by batch 
treatment with liquid alum. The average daily wastewater flow is now approximately 
600 cubic metres per day or 0.300 cubic metres per capita per day which is a typical 
value for a residential area. 

The storage volume available in the two cells is 235,000 cubic metres, based on an 
assumed average depth of 1.5 metres in the lagoons. At an average daily flow of 600 
cubic metres per day, the current storage capacity is adequate for 390 days. The 
existing facility is still conservatively loaded on an organic loading basis, but the units 
are virtually fiilly loaded hydraulically. 

The current organic loading rate is around 10 kg of BOD per hectare per day. 
Average effluent quality for this facility (1986 to 1990) is around 7/47/1.3 mg/L 
(BOD/SS/TP). Batch treatment with alum to precipitate phosphorus and to enhance 
solids removal was started in this system in 1989. Records indicate that the expected 
effluent quality was achieved. With these improvements in place, effluent quality of 
10/20/0.4 mg/L (BOD/SS/TP) may be expected from this lagoon facility. 

The operator indicated that there is a significant increase in the wastewater flowrate 
during wet weather conditions. Infiltration/inflow is deleterious to good treatment 
because 

(a) infiltration/infiow water demands sewer and pump station capacity, 

(b) infiltration/inflow w^ter consumes lagoon storage capacity especially for 
spring discharges. 

If a detailed evaluation of wastewater flow records shows that very high 
infiltration/inflow is in fact occurring, it will probably be beneficial to conduct 
specialized and intensive work to reduce this influent flow. 

The wastewater treatment system was built around 1979. This 10 year old facility is 
still well within the usual lifespan of conventional lagoon systems. 
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3.11.2 Ability to meet Provincial Water Quality Objectives 

3.11.2.1 Present Conditions 

In order to meet Provincial Water Quality Objectives under both 7Q20 and 30Q20 
allocation schemes, Russell may continue to treat its wastewater with conventional 
lagoon treatment and release it on an annual basis to the Castor River, lb meet the 
objective for hydrogen sulphide, addition of post aeration will be required. Under 
7Q20 flows, the constant discharge period is the maximum window. Under 30Q20 
flows, the constant discharge period is the maximum window. For window periods 
and discharge flowrates, refer to Tkbles 3-1 - 3-5. 

The storage capacity of Russell's lagoon is adequate for present conditions. No 
discharge point relocation is required. 

3.11.2.2 Future Conditions 

In order to meet Provincial Water Quality Objectives under both 7Q20 and 30Q20 
allocation schemes, Russell may continue to treat its wastewater with conventional 
lagoon treatment and release it on an annual basis to the Castor River. To meet the 
objective for hydrogen sulphide, addition of post aeration will be required. Under 
7Q20 flows, the constant discharge period is the minimum window. Under 30Q20 
flows, the constant discharge period is the maximum window. For window periods 
and discharge flowrates, refer to Tables 3-1 - 3-5. 

The Storage capacity of Russell's lagoon should be increased from the present 235,000 
cubic metres to 865,300 cubic metres to accommodate future growth. No discharge 
point relocation is required. 

3.11.3 Recommendations 

• Investigate the possible inflow/infiltration problem and remediate if -^ 
necessary 

• Addition of post aeration for hydrogen sulphide removal 

• Construction of additional treatment cell(s) for future use 
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3.12 SPENCERVULE 

3.12.1 Background 

Spencerville is located at the southwestern tip of the drainage basin, close to the head 
water of the South Nation River. The serviced population is estimated to be 350 
people and it is anticipate to grow to 475 by the year 2011. 

The wastewater treatment system consists of a two cell lagoon system having a 
combined surface area of 6.9 hectares. The treatment facility, operated by MOE, is 
located at the southeast corner of the municipality and discharges its effluent into the 
north branch of the South Nation River. Construction of the facility has recently been 
completed, and no historical data are available at this time. 

Flow measurement records during the summer of 199 1 have shown that the current 
daily flow is roughly 150 cubic metres per day which is a typical flow of just over 
0.400 cubic metres per capita per day. At this time, estimating the annual average 
daily flow at 180 cubic metres per day is reasonable. The total volume available is 
estimated at 1 16,000 cubic metres. Based on that value the lagoon storage capacity is 
adequate for 640 days. This is a conservative value for the annual discharge condition 
for which this plant has been designed. The loading rate to the facility is low at 4.2 
kilograms of BOD per hectare per day. 

Alum is used at this plant to provide phosphorus precipitation and to enhance solids 
removal. It is continuously dosed into the lagoon influent. Operating experience is 
required to fine-tune the applied chemical dosage; it is adjustable over quite a large 
range. 

It is estimated that the facilities as they exist today are capable of routinely producing 
15/15/0.6 mg/L (BOD/SS/TP) effluent. In summary, this fecility was recently 
constructed, conservatively sized, and may be expected to produce effluent well within 
the certificate of approval limits. 

3.12.2 Ability to Meet Provindal Water Quality Objectives 
3.12.2,1 Present Conditions 

In order to meet Provincial Water Quality Objectives under both 7Q20 and 30Q20 
allocation schemes, Spencerville may continue to treat its wastewater with 
conventional lagoon treatment and release it on an annual basis to the South Nation 
River, lb meet the objective for hydrogen sulphide, addition of post aeration will be 
required. Under 7Q20 flows, the constant discharge period is the maximum window. 
Under 30Q20 flows, die constant discharge period is the maximum window. For 
window periods and discharge flowrates, refer to Tables 3-1 - 3-5. 

The storage capacity of Spencervi lie's lagoon is adequate for present conditions. No 
discharge point relocation is required. 
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3.12.2^2 Future Condons 

In order to meet Provincial Water Quality Objectives under both 7Q20 and 30Q20 
allocation schemes, Spencerviile may continue to treat its wastewater with 
conventional lagoon treatment and release it on an annual basis to the South Nation 
River, lb meet the objective for hydrogen sulphide, addition of post aeration will be 
required. Under 7Q20 flows, the constant discharge period is the maximum window. 
Under 30Q20 flows, the constant discharge period is the maximum window. For 
window periods and discharge flowrates, refer to Tables 3-1 - 3-5. 

The storage capacity of Spencerville's lagoon is adequate for future conditions. No 
discharge point relocation is required. 



3.12.3 RBCommendatwns 

• Addition of post aeration for hydrogen sulphide removal 
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3.13 ST. ALBERT 
3. 13. J Background 

St. Albert is not presently discharging its waste to the South Nation River or to any 
tributaries of the South Nation River. St. Albert is located in the centre of the 
watershed, near the South Nation River. St. Albert's population of 250 is expected to 
reach approximately 950 by 2011. 

3.13.2 Ability to meet Provincial Water Quality Objectives 

3.13.2.1 Future Conditions 

In order to meet Provincial Water Quality Objectives under both 7Q20 and 30Q20 
allocation schemes, St. Albert should treat its wastewater with conventional lagoon 
treatment and release it on an amiual basis to the South Nation River, lb meet the 
objective for hydrogen sulphide, addition of post aeration will be required. Under 
7Q20 flows, the constant discharge period is the maximum window. Under 30Q20 
flows, the constant discharge period is the maximum window. For window periods 
and discharge flowrates, refer to Tables 3-1, 3-3 and 3-5. 

The storage capacity of St. Albert's lagoon should be 138,400 cubic metres. 

3.13.3 Recommendations 

• Construction of conventional lagoon treatment facilities with post aeration 
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3,14 ST. ISIDORE 

3.14.1 Background 

The three cell lagoon system in this community receives domestic sanitary wastewater 
from roughly 800 inhabitants, plus intermittent input of slaughterhouse wastewater. 
The operation of the slaughterhouse was terminated in 1991. The population of this 
municipality is expected to reach 1040 inhabitants by the year 2011. 

The wastewater treatment fecility is operated by MOE staff stationed at Casselman. 
The lagoons have a total surface area of 14.6 hectares. Using an assumed depth of 
1.5 metres, the storage volume in the three lagoons is roughly 220,000 cubic metres. 
At an average daily flow of 300 cubic metres per day the available storage capacity is 
about 730 days. This is sufficient for annual discharge at present population levels. 
The loading rate to the facility is low at 4.6 kilograms of BOD per hectare per day. 

Discharge from this lagoon system is allowed annually in the spring to the East 
Branch of the Scotch River. The contents of the lagoons are batch treated with alum 
and allowed to settle prior to discharge. The apparent alum demand was very high 
i.e. the dosage during 1990 was above 200 mg/L, At least two factors contributed to 
this high dosage: 

(a) relatively high organic loading due to slaughterhouse waste, leading to 
significant algal growth. 

(b) high phosphorus input from the same source. 

The lagoon system, which is approximately ten years old, has performed well 
throughout this time span. No sludge removal has been found necessary during that 
time frame. The facilities are well kept and maintained. It is evident in this fecility 
that it is becoming progressively more difficult to control weed growth in lagoon . 
systems. There is copious weed growth on the lagoon banks and the beginning of 
weed growth on the lagoon bottoms. 

Fairly high quality effluent is expected from this lagoon facility and is achieved with 
batch alum treatment. Records for 1986 to 1990 indicate that effluent quality of 
approximately 6.5/35/1.9 mg/L (BOD/SS/TP) was achieved. 

3.14.2 Ability to Meet Provincial Water Quality Objectives 
3.14.2,1 Present Conditions 

In order to meet Provincial Water Quality Objectives under both 7Q20 and 30Q20 
allocation schemes, St. Isidore may continue to treat its wastewater with conventional 
lagoon treatment and release it on an amiual basis to the South Nation River. To 
meet the objective fbr hydrogen sulphide, addition of post aeration will be required. 
Under 7Q20 flows, the constant discharge period is the average window. Under 
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30Q20 flows, the constant discharge period is the maximum window. For window 
periods and discharge flowrates, refer to Tables 3-1 - 3-5. 

The storage capacity of St. Isidore's lagoon is adequate for present conditions. No 
discharge point relocation is required. 

3.14.2.2 Futun Conditions 

In order to meet Provincial Water Quality Objectives under both 7Q20 and 30Q20 
allocation schemes, St. Isidore may continue to treat its wastewater with conventional 
lagoon treatment and release it on an annual basis to the South Nation River, lb 
meet the objective for hydrogen sulphide, addition of post aeration will be required. 
Under 7Q20 flows, the constant discharge period is the average window. Under 
30Q20 flows, the constant discharge period is the maximum window. For window 
periods and discharge flowrates, refer to Tiibles 3-1 - 3-5. 

The storage capacity of St. Isidore's lagoon is adequate for ftiture conditions. No 
discharge point relocation is required. 

3.14.3 Recommendations 

• Remediate weed growth problem 

• Addition of post aeration for hydrogen sulphide removal 
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3.15 WILLIAMSBURG 

3.15.1 Background 

The rural community of Williamsburg is very close to the southern boundary of the 
watershed. The municipal core is roughly 8 km north of Highway 401. 
Williamsburg is a community of about 300 p«)ple and it is forecasted to grow to 485 
people by the year 201 1, 

The wastewater treatment system was constructed in 1988 and is owned and operated 
the municipality. It consists of a two cell lagoon system. Wastewater is treated and 
stored in the lagoons for annual discharge to the McMartin Drain. TTie flows in this 
drain are very low. The assimilative capacity available to Williamsburg is therefore 
limited. 

The surface area of the two lagoons is roughly 4.9 hectares The available storage 
volume is estimated at 75,000 cubic metres, using an assumed depth of 1 .5 metres. If 
the average daily flow is assumed to be 120 cubic metres per day (based on 0.400 
cubic metres per capita per day for 300 people), it is estimated that the existing 
lagoons can provide storage for 600 days. These estimates show that the lagoon 
facility serving this community is conservatively sized if the per capita hydraulic 
loading can be maintained at reasonable levels. Organic loading to the lagoon system 
is low at 4.9 kilograms BOD per hectare per day. Good treatment results may be 
expected under such conditions and have in fact been noted. 

The two lagoons were constructed in 1988. They were dug in the native soil at the 
northwest end of the built-up community. Clay lining for the lagoons was extracted 
from a neighbouring property and was used to construct basins which would retain the 
wastewater for its annual discharge to the receiving stream. 

It is estimated that the lagoon system as it is today can routinely produce 20/20/3 mg/1 
(BOD/SS/TP) effluent based on the results obtained at other similar facilities. 

Chemical enhancement with continuous or batch alum treatment could be used to 
attain 10/10/0.5 mg/L (BOD/SS/TP) effluent. It is suggested that confirmatory work 
be planned to accurately establish the actual wastewater flow. 

3.15.2 AbiUty to Meet Provincial Water Quality Objectives 

3.15.2.1 Present Conditions 

In order to meet Provincial Water Quality Objectives under both 7Q20 and 30Q20 
allocation schemes, Williamsburg should treat its wastewater with an extended 
aeration with nitrification process and release it on an annual basis in the McMartin 
Drain. Under 7Q20 flows, the constant discharge period is the minimum window. 
Under 30Q20 flows, the constant discharge period is the maximum window. For 
window periods and discharge flowrates, refer to Ikbles 3-1 - 3-5. 
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The storage capacity of Williamsburg is adequate for present conditions. No 
discharge point relocation is required. 

3.15.2.2 Future Conditions 

In order to meet Provincial Water Quality Objectives under both 7Q20 and 30Q20 
allocation schemes, Williamsburg should treat its wastewater with an extended 
aeration with nitrification process and release it on an annual basis in the McMartin 
Drain. Under 7Q20 flows, the constant discharge period is the minimum window. 
Under 30Q20 flows, the constant discharge period is the maximum window. For 
window periods and discharge flowrates, refer to Ttibles 3-1 - 3-5. 

The storage capacity at Williamsburg is adequate for fiiture conditions. No discharge 
point relocation is required. 

3.15.3 Recommendations 

• Upgrade treatment to extended aeration with nitrification or better 
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3.16 WINCHESTER 

3.16.1 Background 

Winchester is a rural community of approximately 2,200 people which is expected to 
grow to 2640 people by the year 2011. Ault Foods Ltd. is located within Winchester. 
Municipal wastewater is treated by a 5 cell lagoon system, and discharged on a 
seasonal (2 times per year) basis into the Henderson Drain (tributary of the East 
Castor River). The flows in this drain are very low. The assimilative capacity 
available to Wmchester is therefore limited, liie total pumping/treatment system now 
available for this municipality is relatively new; it was built in the last few years. 

The lagoons have a total surface area of 19 hectares and a maximum storage volume 
of 470,000 cubic metres. At an average daily flow of 1,800 cubic metres per day, the 
time between discharges is 261 days. The wastewater treatment facilities are well 
maintained and operated by MOE staff. Recorded data from 1986 to 1990 show that 
the effluent quality is averaging 15/20/3.5 mg/L (BOD/SS/TP), and reaching 
15/20/0.5 mg/L (BOD/SS/TP) in the past two years. This performance is well within 
the Certificate of Approval limits. The loading rate to the treatment facility is 10.3 
kilograms of BOD per hectare per day. 

Alum (for phosphorus precipitation) is added continuously to the lagoon influent. TTie 
dose is near 70 mg/L which is in the normal application range for lagoons at this 
loading. Biological and physical-chemical treatment is provided in four facultative 
cells. When these cells are ready for discharge, the effluent is passed through an 
aeration cell. The purpose of this coarse-bubble aeration is to remove any hydrogen 
sulphide (H^S) which may be present, especially in effluent discharged during the 
spring. Prior to installation of the post aeration cell there had been some complaints 
of sulphide odours from nearby residents. 

Flow data prior to 1990 were considered to be inaccurate and below the actual values. 
The recorded higher flows in 1990 are more likely due to the installation of flow 
metering of total flows. 

3.16.2 Ability to Meet Provincial Water Quatity Objectives 

3.16.2.1 Present Conditions 

In order to meet Provincial Water Quality Objectives under both 7Q20 and 30Q20 
allocation schemes, Winchester may continue to treat its wastewater with conventional 
lagoon treatment and release it on an annual basis to the South Nation River. Under 
7Q20 flows, the constant discharge period is the average window. Under 30Q20 
flows, the constant discharge period is the maximum window. For window periods 
and discharge ilowrates, refer to Tables 3-1 - 3-5. 

The storage capacity of Wmchester's lagoon should be increased from 470,000 cubic 
metres to 629,6000 cubic metres. Relocation of effluent discharge point to the South 
Nation River is necessary. 
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3.16.2.2 Future Conditions 

In order to meet Provincial Water Quality Objectives under both 7Q20 and 30Q20 
allocation schemes, Winchester may continue to treat its wastewater with conventional 
lagoon treatment and release it on an annual basis to the South Nation River. Under 
7Q20 flows, the constant discharge period is the average window. Under 30Q20 
flows, the constant discharge period is the maximum window. For window periods 
and discharge flowrates, refer to Tables 3-1 - 3-5. 

The storage capacity of Winchester's lagoon should be increased from the present 
470,000 cubic metres to 717,200 cubic metres to accommodate future growth. 
Relocation of effluent discharge point to the South Nation River is necessary. 

3.16.3 Recommendations 

• Construction of additional treatment cell(s) 

• Relocation of effluent discharge point to the South Nation River 
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S.17 AULT FOODS UMITED - WINCHESTER 

3.17.1 Background 

This plant is located in the community of Winchester. It has been gradually enlarged 
over the years. It is now one of the largest dairy-related production plants in the 
province. Milk is received at this plant, and used for production of butter, cheese, 
milk powder, whey powder, and demineralized whey solids. 

Wastewater generated in all the stages of production is collected at a common sump, 
and is pumped to a wastewater treatment system situated on a site located to the north 
of Ae Ault production facility. Current wastewater flow is in the range of 800 - 
1 ,000 cubic metres per day. 

The wastewater characteristics of this industry differ significantly from domestic 
wastewater. The wastewater treatment systems described earlier in this summary 
receive domestic wastewater with BOD and suspended solids concentrations of 100 - 
300 mg/L. However, wastewater from the Ault production plant has BOD and 
suspended solids concentrations around 2,500 and 1,000 mg/L, respectively. It also 
carries relatively high concentrations of phosphorus and other dissolved minerals. In 
terms of BOD, the discharge from this production plant is roughly equivalent to 
domestic discharge from a town of 25,000 people. The present Certificate of 
Approval specifies 5/15/1.0/5.0 mg/L (BOD/SS/TP/NH3-N) as effluent criteria. 

At present time, the wastewater is treated in a biological treatment system and then 
stored in on-site lagoons for annual discharge in the spring to the Annable Drain 
(tributary to the East Castor River). The fiov/s in this drain are very low, hence the 
assimilative capacity available to Ault is limited. The storage capacity requirement is 
320,000 cubic metres (the Certificate of Approval storage figure is 197,000 cubic 
metres). 

The present wastewater treatment process includes: 

• one wastewater wet-well/pumping station 

• two aerated cells in parallel 

• one aeration basin to receive effluent from both aeration cells 
one secondary clarifier, with sludge recycle to the aeration basin 



• 



• three effluent storage lagoons (#4, #7, #8) 



• 



one effluent storage/polishing treatment lagoon (#6) 
two sludge storage lagoons 



The storage lagoons of the treatment process have a surface area of 10. 1 hectares for 
an approximate maximum storage volume of 255,000 cubic metres, based on a 0.6 
metre freeboard. This storage capacity is adequate for approximately 270 days. 

Phosphorus removal is achieved by continuous alum addition to the activated sludge 
treatment system. 
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The degree of treatment obtained with this system is high. Even though the degree of 
treatment was relatively high compared to a municipality, Ault Foods was unable to 
comply with all of its Certificate of Approval requirements in recent years. The 
spring of 1991 discharge had the following effluent characteristics 9/28/0.9/2.9 mg/L 
(BOD/SS/TP/NH3-N). 

Ault Foods Ltd, is now preparing for an expansion of their production facilities and 
for a commensurate upgrading of the wastewater treatment system including 
consideration of in-plant load reduction and effluent reuse. It is anticipated that 
hydraulic loading will increase from 320,000 cubic metres to 455,000 cubic metres 
per year (900 to 1,250 cubic metres per day). An Environmental Study Report (ESR) 
has been prepared, which suggests that hydrograph controlled discharges would allow 
Ault to meet the Provincial Water Quality Objectives by ensuring that effluent is 
released only when adequate dilution is available. 

3.17.2 Ability to Meet Provincial Water Quality Objectives 

In order to meet Provincial Water Quality Objectives under both present and future 
7Q20 and 30Q20 allocation schemes, Ault should relocate its discharge point to the 
confluence of Henderson Drain and the East Castor River. Under 7Q20 flows, the 
constant discharge period is the average window for present conditions, and the 
minimum window for the future conditions. Under 30Q20 flows, the constant 
discharge period is the maximum window. For window periods and discharge 
flowrates, refer to Tables 3-1 - 3-5. 

3.17.3 Recommendations 

• Relocation of effluent discharge point to the confluence of Henderson 
Drain and the East Castor River 
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3.18 NESTLE ENTERPRISES LTD. - CHESTERVLLLE 
3.18.1 Background 

The Nestld plant is situated in Chesterville, A variety of food and beverage products 
are made at this plant but instant cofTee is the main product. 

The wastewater produced in the plant is collected in a common sewer and discharged 
to a wastewater treatment system located about 0.5 km from the plant. Daily 
wastewater flow averages approximately 800 cubic metres per day (200,000 cubic 
metres per year). It is frequently coloured due to coffee bean extract. The average 
influent BOD is approximately 1,500 mg/L. 

The wastewater treatment system process includes the following units: 

• a coarse screen in the influent sewer 

• an aerated equalization basin 

• activated sludge aeration basin and clarifier 

• an effluent polishing/storage lagoon 

• an aerobic sludge digestion tank 

• a sludge storage lagoon 

Discharge to the South Nation River is allowed from October 15 to June 15, for a 
period of 240 days per year. The average daily flow during discharge is 
approximately 830 cubic metres per day. This wastewater treatment system is the 
only point source in this watershed that is not limited to seasonal or annua! discharge. 

A recent report dealing with the wastewater treatment system lists the capacity of the 
polishing/storage lagoon as 57,000 cubic metres. However, to control weed growth 
and to protect the lagoon bottom, it is necessary to retain some water in the lagoons at 
all times. For practical purposes, the available storage capacity is therefore less than 
57,000 cubic metres allowing less than 72 days of storage. For discussion purposes 
an available volume of 40,000 m-* will be used, A reduced wastewater flow or 
enlarged storage lagoon volume would be required to comply with the certificate of 
approval allowance of 240 days for discharge. 

This storage capacity implies that summer flows should not exceed 40,000 m'/4 
months, or 10,000 cubic metres per month (compared to 16,700 cubic metres per 
month indicated by the above flow of 200,000 cubic metres per year). 

Effluent requirements for this wastewater treatment system are 15/15/1.0 mg/L 
(BOD/SS/TP). Even though the facilities have demonstrated a very high degree of 
treatment during the last few years, they have not been able to meet the stringent 
criteria in all cases. MOE published data for 1986 to 1989 indicate that the average 
effluent quality is 17/19/1.9 mg/L (BOD/SS/TP). Nestle has been improving 
phosphorus removal since then. Additional data provided by Nestle show that for 
1990 to October 1992 the average effluent quality is 22/24/0.34 mg/L (BOS/SS/TP). 
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Steps are now being taken by Nestle to correct suspended solids and BOD removal at 
this treatment facility. 

3.18.2 Ability to Meet Provincial Water Quality Objectives 

In order to meet Provincial Water Quality Objectives under both present and future 
7Q20 and 30Q20 allocation schemes, NestI6 must iceep its effluent concentrations at 
Certificate of Approval levels. Under 7Q20 flows, the constant discharge period is 
the maximum window. Under 30Q20 flows, the constant discliarge period is the 
maximum window. For window periods and discharge flowrates, refer to Tables 3-1 
- 3-5. 

3.18.3 Recommendatiotts 

• Release effluent at above mentioned periods 
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3.19 ST. ALBERT CHEESE LTD. 

3.19.1 Background 

St. Albert Cheese, located near St. Albert, will have a custom design treatment that 
discharges to the South Nation River in the future. It is expected to produce small 
quantities (22,600 cubic metres per year) of industrial waste. It was assumed that St. 
Albert Cheese's Certificate of Approval will be similar to NestI6's, This assumption 
was considered to be conservative. St. Albert Cheese is presently disposing its waste 
by spray irrigation methods. 

3.19.2 Ability to meet Frovindtd Water f^iaUty Objectives 

In order to meet Provincial Water Quality Objectives under future 7Q20 and 30Q20 
allocation schemes, St. Albert Cheese will have to keep its effluent concentrations at 
Certificate of Approval for Ault and Nestle levels (or better). Under 7Q20 flows, the 
constant discharge period is the maximum window. Under 30Q20 flows, the constant 
discharge period is the maximum window. For window periods and discharge 
flowrates, refer to Tables 3-1, 3-3 and 3-5. 

3.19.3 Recommendations 

• Provide storage for twelve months of production, and release effluent 
during above mentioned periods 
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CONCLUSIONS AND RECOMMENDATIONS 



4,1 CONCLUSIONS 



The following conclusions can be drawn from this study. 

• Water quality in the South Nation River System has been improving 
during the past 12 years. Installation of sewage and wastewater treatment 
capacity has probably been a factor. 



• 



• 



• 



Phosphorus loads into the receiving water have not changed during the 
past 12 years and instream phosphorus concentrations consistently exceed 
the Provincial Water Quality Objectives, even though most point sources 
are now removing phosphorus. 

Non-point source contributions of phosphorus and nitrogen constitute more 
than 93 and 98% respectively of the loads of these nutrients in the streams 
on an annual basis. However, during periods when point sources are 
discharging, point sources have been observed to comprise more than 50% 
of the total ammonia load in the streams. 

Lagoon effluent must be treated with post aeration to insure that instream 
hydrogen sulphide standards are not violated. Lagoon effluent must also 
be treated with a post aeration cell to insure that the in-pipe non-lethality 
standard for hydrogen sulphide is not violated. 

Lagoon effluents are likely to violate the in-pipe lethality ammonia 
standard (MISA) during spring discharge without extraordinary measures. 



• Extended aeration and New Hamburg processes produce effluent that is 
not likely to violate the effluent lethality criteria. However, storage of 
effluent from these processes in a lagoon for seasonal or annual discharge 
will likely result in algal blooms that will periodically raise effluent pH. 
Even though the process effluent is of high quality, high pH in the storage 
lagoons may cause from time to time a lethality violation for un-ionized 
ammonia. 

The optimizations for wastewater discharge and treatment measures were carried out 
on the basis of minimizing both the amount of treatment and the distance of relocation 
of effluent discharge points. This does not ensure a uniform distribution of costs to 
all point sources, but minimizes the costs for the watershed as a whole. 

• Ammonia was the limiting parameter for effluent discharge. 

• Dissolved oxygen fells below Provincial Water Quality Objectives in the 
fall even if no wastewater is released. 



769. li #-1 

P20922 



CONCLUSIONS AND RECOMMENDATIONS 



Under conditions of 30Q20 streamflow, with constant effluent disciiarge rates, and 
minimum stream dilution volumes defined by the windows approach developed in this 
report the conclusions below are reached. The windows were based on a moving 
average of 30Q20 flows during the spring and fall seasons. 

At Present Conditions 

• The communities of Winchester and Maxville and the industry of Ault on 
tributaries to the South Nation River must relocate their effluent discharge 
points. Winchester must route its effluent to the South Nation River. 
Maxville and Ault must move their discharge location further downstream 
in the streams into which they discharge. Williamsburg must upgrade 
treatment to extended aeration or better. 

• All other communities are able to use lagoon treatment. 

• All point sources are able to discharge during the maximum window. 
At Future Conditions 

• The communities of Wmchester and Maxville and the industry of Ault on 
tributaries to the South Nation River must relocate their effluent discharge 
points. Winchester must route its effluent to the South Nation River. 
Maxville and Ault must move their discharge location further downstream 
in the streams into which they discharge. Williamsbuig must upgrade 
treatment to extended aeration or better. 

• All other communities are able to use lagoon treatment. 

• A staged discharge scheme has been developed for the maximum and 
average windows and is required to meet Provincial Water Quality 
Objectives standards. 

Under conditions of 7Q20 streamflow, with constant effluent discharge rates, and 
minimum stream dilution volumes defined by the windows approach developed in this 
report, the conclusions below are reached. TTie windows were based on a moving 
average of 7Q20 flows during the spring and fell seasons. 

At Present Conditions 

• The conununities of Winchester and Maxville and the industry of Ault on 
tributaries to the South Nation River must relocate their effluent discharge 
points. Winchester must route its effluent to the South Nation River. 
Maxville and Ault must move their discharge location further downstream 
in the streams into which they discharge. Williamsburg must upgrade its 
treatment to extended aeration or better. 

• All other communities are able to use lagoon treatment. 
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A staged discharge scheme over the three windows has been developed to 
meet Provincial Water Quality Objectives. 



At Future Conditions 

• The communities of Winchester and Maxville and the industry of Ault on 
tributaries to the South Nation River must relocate their effluent discharge 
points. Winchester must route its effluent to the South Nation River. 
Maxville and Ault must move their discharge location further downstream 
in the streams into which they discharge. In addition to Williamsburg, the 
communities of Embrun and Moose Creek must upgrade treatment to 
extended aeration or better. 

• Ail other communities are able to use lagoon treatment. 

• A staged discharge scheme has been developed utilizing all three windows 
and is required to meet Provincial Water Quality Objectives standards. 

The 75% zone of passage objective can be achieved everywhere on the South Nation 
River for both present and future 30Q20 conditions, and for the present 7Q20 
conditions. It cannot be achieved on the upper reaches of the South Nation River for 
future 7Q20 conditions. Most tributary streams and drains cannot achieve the 75% 
zone of passage objective under any flow conditions. 

4.2 RECOMMENDATIONS 

• Discrepancies in discharge criteria in the MOE Sewage Compliance Status 
Report and Certificates of Approval should be resolved. 

• Extended aeration activated sludge is the most suitable mechanical 
wastewater treatment option for small communities. This treatment 
process will not generally produce hydrogen sulphide, but as a high energy 
demand and high operating costs. 

• Communities with sewage flowrates in excess of 500 L/cap/d should 
examine their sewer systems and if required undertake remedial measures 
to reduce flowrates. 

• This study should be extended to examine effluent discharge during other 
months of the year, particularly where extended aeration and New 
Hamburg processes are indicated, to more fully utilize the assimilative 
capacity of the streams. 

• A stochastic analysis of the system would provide a valuable addition to 
understanding the frequency of Provincial Water Quality Objectives 
violations. 
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Real time control of effluent discharges with variable discharge rates 
contingent on streamflow offers the opportunity to reduce the treatment 
upgrades and distances required for effluent point relocation. A study of 
variable rate discharge should be conunissioned to evaluate costs and 
advantages of this approach. 



• 



Opportunities for increasing the assimilative capacity of the river through 
flow augmentation could be explored. 

• More extensive data collection, particularly for water quality parameters, 
in the South Nation River system is required to improve analysis and 
forecasts of system behaviour. 

• A study of non-point sources of pollution, particularly with regard to 
nutrients is required to determine the extent to which stream quality could 
be improved with corrective measures. Non-point sources often contribute 
more than 50% of the ammonia load that the streams are able to assimilate 
during critical months when point sources are discharging. 

• Wastewater allocation can be accomplished according to many different 
paradigms. Unused stream capacity is a function of background conditions 
and upstream inputs. Various allocation rules should be examined to 
prioritize them on a physical basis. Social, economic, environmental and 
aesthetic values and goals should be examined in parallel to formulate a 
consistent policy on wastewater allocation. 

• Specifically different population allocation schemes should be examined 
(geometric growth, arithmetic growth, etc.) along with the economic 
impacts of the various growth schemes. 

• The impacts of various stream standards on wastewater treatment and 
allocation should be examined. 



769.11 
920922 



i-liw.' • 



REFERENCES 



REFERENCES 



Acres International Ltd. (1990). "St. Albert Cheese Wastewater Treatment System", 
report for St. Albert Cooperative Cheese Manufacturing Association, P.O. Box 30, 
St. Albert, Ont. 

Briggs, T., (1990). "Rural Beaches Strategy Program, 1989 Progress Report", Upper 
Thames River Conservation Authority, (May). 

Brown, L.C. and T.O. Barnwell, Jr. (1987). "The Enhanced Stream Water Quality 
Models QUAL2E and QUAL2E-UNCAS: Documentation and User Manual", 
Environmental Research Laboratory, USEPA, Athens, GA. 

Condie, R. and L.C. Cheng (1983). "Low Flow Frequency Analysis Program 
LOWFLOW" Inland Waters Directorate, Environment Canada, Ottawa. 

Churchill, M., H. Elmore, and R. Buckingham (1962). "The Prediction of Stream 
Reaeration Rates", / of the Sanitary Engineering Division, ASCE, 88, SA4, pp. 1- 
46. 

Covar, A. P. (1976). "Selecting the Proper Reaeration Coefficient for Use in Water 
Quality Models", presented at the USEPA Conference on Environmental Simulation 
and Modelling. 

Gumming Cockburn Limited (1989). "Low Flow Characteristics in Ontario", report 
for Water Resources Branch, Ontario Ministry of the Environment, Tbronto. 

Doneker, R.L. and Jirka, G.H. (1990) Expert System for Hydrodynamic Mixing 
Zone Analysis of Conventional and Toxic Submerged Single Port Discharges 
(CORMIXI), Report No. EPA/600/3 -90/012, U.S. Environmental Protection 
Agency, Env. Research Laboratory, Athens, Georgia. 

Environment Canada (1985). Cold Climate Sewage Lagoons, Proceedings of the June 
1985 Workshop in Winnipeg, Manitoba, Environment Canada, Ottawa. Ott, W.R. 
(1978). Environmental Indices: Theory and Practice, Ann Arbor Science Publishers, 
Inc., Ann Arbor, MI. 

Gore & Storrie Limited (1992). "Wastewater Allocation Study of the South Nation 
River", report for the South Nation River Conservation Authority, Berwick Ontario. 

Hayman, D.G., (1986). "An Evaluation Of The Effect Of Soil Conservation Practices 
On Water Quality In A Demonstration Versus Control Subwatershed Study In The 
Avon River", Upper Thames River Conservation Authority. 

Hayman, D. G. (1988). "A Clean Up Rural Beaches Plan (CURB) For Fanshawe, 
Pittock and Wildwood Reservoir in the Upper Thames River Conservation Authority 



769.11 R-I 

920913 



REFERENCES 



Watershed," Report prepared by the UTRCA for the Ontario Ministry of the 
Environment, Ibronto. 

Hayman, D.G. (1992). personal communication, Rural Water Quality Program 
Coordinator, Upper Thames River Conservation Authority, London, Ont. 

Kostuch Engineering Ltd. (1990a). "Preliminary Report, Village of Fournier, 
Township of South Plantagenet", MOE Project No. 3-0786, Ontario Ministry of the 
Environment. 

Kostuch Engineering Ltd. (1990b). "Village of Crysler, Communal Sewage and 
Water Servicing Environmental Study Report", Vol. 1, Environmental Study Report, 
South Nation River Conservation Authority. 

MacLaren Plansearch (1982). "Water Resources Study Component of the South 
Nation River Basin", repon submitted to South Nation River Conservation Authority. 

Metcalf & Eddy, Inc. (1991). Wistewater Engineering: Treatment, Disposal and 
Reuse, McGraw-Hill, Toronto. 

MOE (1980). "Winter Lagoon Data for Southwestern Ontario, Winter 1978-79", 
Ontario Ministry of the Environment, Toronto. 

MOE (1984a). Guidelines for the Design ofSe\i'age jyeatment W)rks, Ontario 
Ministry of the Environment, Toronto. 

MOE (1984b). Witer Management: Goals, R)licies, Objectives and Implementation 
Procedures of the Ministry of the Environment, Ontario Ministry of the Environment, 
Toronto. 

MOE (1986-89). Reports on Discharges from Municipal and Industrial Sewage 
lyeatment Plants in Ontario, Ontario Ministry of the Environment, Tbronto. 

MOE (1988). "Performance Predictions for Wastewater Treatment Lagoon Facilities 
in Ontario", Water Resources Branch, Ontario Ministry of the Environment, Toronto. 

MOE (1990a). Sewage Compliance Status Report, Ontario Ministry of the 
Environment, Toronto. 

MOE (1990b). "Winter Lagoon Data for Southwestern Ontario", Ontario Ministry of 
the Environment Water Resources Assessment Unit, Southeastern Region. 

MOE (1991a). "Nitrogen Data Set for Lagoon Facilities in the South Nation 
Watershed", Ontario Ministry of the Envirormient, Tbronto. 

MOE (1991b). "South Nation River Stations Sample Information System Dau Set", 
Ontario Ministry of the Environment, Toronto. 



769.11 R.2 

920913 



r.V^. , .'^tf.'Sff-^^SS--,'- 



I 



REFEKBNCES 



MOE (1992). A. Bacchus, Water Resources Branch, Ontario Ministry of the 
Environment, Toronto. 

Municipal Planning Consultants (1981). "South Nation River Basin Development 
Study: Residential, Commercial, Industrial Component", report to South Nation River 
Conservation Authority. 

O'Connor, D.J. and W.E. Dobbins (1958). "Mechanism of Reaeration in Natural 
Streams", Transactions of the American Society of Civil Engineers, 123, p. 655. 

Owens, M., R.W, Edwards and J.W. Gibbs (1964). "Some Reaeration Studies in 
Streams", InternationalJ. of Air and Witer Pollution, 8, pp. 469-486. 

Palmateer, G. (1991). "Area of Impact of Rural Pollution Sources on the Water 
Quality of Surface and Sub-Surface Drainage in Southwestern Ontario", Proceedings 
of the 23nd Drainage Engineers' Conference, University of Guelph, Guelph, Ontario, 
pp. 69-95. 

Peters, M.S. and K.D. Timmerhaus (1980). Plant Design and Economics for 
Chemical Engineers, 3rd ed., McGraw-Hill, Toronto. 

Proctor & Redfern Limited (1984). "South Nation River Conservation Authority 
Floodline Mapping- South Nation River Final Report", South Nation River 
Conservation Authority. 

Rowney, A.C. and C.R. MacRae (1989). "Current NPS Perceptions in Eastern 
Ontario: A Starting Point Survey", keynote address at Non-Point Pollution Workshop, 
Canadian Water Resources Association and the Soil Conservation Society, Carleton 
University, Ottawa. 

Sawyer, C.N. and P.L. McCarty (1978). Chemistry for Environmental Engineering, 
3rd ed., McGraw-Hill, Toronto. 

SNRCA (1990), "Payne River Report; 1987-1989", Report, South Nation River 
Conservation Authority, Berwick, Ont. 

Snoeyink, V.L, and D. Jenkins (1980). Witer Chemistry, J. Wiley & Sons, Ltd., 
Toronto. 

Tetra Tech, Inc. (1978). Rates, Constants, and Kinetics Formulations in Surface 
Witer Quality Modelling, Environmental Research Lab, US Environmental Protection 
Agency, Athens, GA. 

Thomann, R.V. and J.A. Mueller (1987). Principles of Surface W2ter Quality 
Modeling and Control, Harper & Row, San Francisco, CA. 



769.11 R-3 

920913 



REFERENCES 



US Army (1979). HEa2: Witer Surface Profiles. US Corps of Engineers, 609 2nd 
St., Davis, CA 95616. 



.i 



SsSIJ 



769.11 H^ 

920913 



TD Waste water assimilation study 



763 

.W37 

1993 78276 

summary 



of the South Nation River 
watershed / 



